Metal sinks are broadly produced with stainless steel sheets. These steel sheets are thin and may easily bend under mechanical forces. Wood or a mortar layer is used to strengthen the steel sink. In the last decade mortars have been used to replace wood. The mortar mixture is poured on the backside of the metal sink. After setting and hardening, the mortar prevents the sink metal sheet from bending.
INTRODUCTION
these laws are not enough to preserve the environment and factories' major concern is above all focused in reducing production costs so that they can be more competitive. In an effort to minimize these costs and at the same time protect the environment, many studies have concentrated on assessing the utilization of certain wastes as raw materials in the construction industry [1] [2] [3] [4] . Depending upon their chemical composition, these wastes can be incorporated into mortars to partially replace cement and/or aggregate. In a recent study [5] , It was fabricated many mortars with the addition of a controlled mixing of industrial wastes in substitution to the fine aggregate normally used in building materials (sand). The purpose of this work was to improve adherence and lightweight of an industrial mortar for sink metal sheet. An optimum mixture containing about 30% by volume of textile residue was obtained which provided the best compromise between adherence, lightweight, and mechanical resistance required (1.0 MPa minimum). As reported previously [5] this new mortar, named alternative mortar 2 (AM2) is lighter than the current one, named alternative mortar 1 (AM1) by 30%. Following this study we investigated the hydration process and the mechanical, microstructural, physical-chemical, and environmental performance of this mortar (AM2) compared to the industrial current mortar (AM1) and to a reference mortar made of cement, sand and water, named standard mortar (SM). These results are presented and discussed in detail in this work.
MATERIALS AND EXPERIMENTAL PROCEDURE

CPV ARI RS Portland cement
With a rapid setting the CPV ARI RS Portland cement is suitable for sink production. This cement, density of 2.98 g/cm 3 , is reckoned by its high mechanical strength at the early agesabout 27 MPa after one day, i.e. about 50% of its strength after 28 days -as well as its good resistance to sulphate environments. The Storage of the cement can result on the formation of syngenite (reaction of gypsum and potassium sulphate), calcite due to carbonation during milling or storage, and normal hydration products [6] .
Sand and alternative materials
The sand (aggregate) used in this work originates from sedimentary layers formed in riverbeds and consists basically of 98% of silica and 2% of impurities. The alternative materials (textile residue, polyurethane, polystyrene, and polypropylene fibers) were used essentially to improve lightweight and therefore present low density. The polypropylene fibers were also used to improve mechanical strength. Table I presents the granulometric distribution and the density of the sand and of the alternative materials used in this study. Amongst the alternative materials, the textile residue is an industrial waste from a local textile industry. The textile sludge coming from its waste treatment center goes through a press-filter to take out the exceeding water, followed by drying in a rotary furnace at approximately 220 o C. This dried material, greenish-black in color, consists of small agglomerates containing mainly calcium in its chemical composition, although S, Si, Al, Mg, and Fe are also present in smaller amounts.
Of particular note from Table I was the difference between sand and alternative materials granulation size. Contrary to the sand, the textile residue and the polyurethane present a larger granulation size. The granulometric distribution shows that 92.8% of the textile residue and 98.6% of the polyurethane present granulation size upper 0.15 mm whereas 83.6% of the sand contains granulation size upper 0.15 mm. On the other hand, the alternative materials present a far lower density.
Production of mortars
The materials used to produce the mortars were dried 24 hours at 110 o C and then mixed with water during 3 minutes using a mechanical mortar-mixer of 5 liters capacity, followed by molding into 150 mm x 100 mm x 30 mm molds. Table II lists the mixtures used in the preparation of the mortars and the water/cement ratio obtained through the flow-table test according to the Brazilian NBR 7215 code. The water/cement ratio is considered appropriate when the flow-table factor is situated between 210 mm and 220 mm. For each mixture was produced 16 samples which were aged in two different aging processes: half of them were removed from the molds after 24 hours and half dried 10 hours at 50 o C and afterward removed from the molds. The samples removed from the molds were then aged in a room in atmospheric environment for 7, 14, 28, 60, and 90 days to achieve the late period of hydration. The standard mortar samples were only aged in atmospheric environment, i.e. without initial drying in furnace. Upon completion of the aging process, the samples were subjected to mechanical test.
Characterization of the mortars
The mortar samples were subjected to flexion mechanical tests at 1 mm/s. Fragments of the samples obtained from the mechanical tests were analyzed by scanning electron microscope (SEM) after being dried in a drying room for 24 hours at 100 ºC. The samples were also characterized by differential thermal analysis (DTA), thermogravimetry (TG), X-ray diffraction (XRD), and leaching and solubilization tests performed by calorimetry and atomic absorption. The later was carried out according to the Brazilian NBR 10004 code. The mechanical performance of the AM1 and AM2 alternative mortars was also evaluated by an accelerated aging test through drying and wetting cyclic test according to the Brazilian NBR 13554 code. Forty eight mortar samples of each mixture were
Materials
Standard Mortar Alternative mortar 1 Alternative mortar 2 then produced, molding them into 150 mm x 100 mm x 30 mm molds. After 24 hours the samples were removed from the molds and aged in a room in atmospheric environment for 28 days. Shortly after, the drying and wetting cyclic test was performed as follows: (1) mechanical test on 6 samples of either AM1 or AM2 mortars, (2) wetting period of 24 hours in alkaline water, (3) and drying period of 7 days at 71 o C.
RESULTS
Flexion test
The flexion mechanical test was performed by three points contact on the standard mortar (SM), and on the AM1 and AM2 alternative mortars obtained by both hydration process, i.e. without (AM1A or A2MA) or with initial drying in furnace (AM1F or AM2F), respectively. Fig. 1 illustrates the results of these tests where the values indicate the average flexion strength stress of 8 samples.
It can be observed that the mechanical strength depends on the mixtures of the mortars, on the aging time, and on the hydration process of the samples. Contrary to the AM2A, the flexion strength stress of the SM and AM1A mortars increases with the aging time. The stress variation is more remarkable up to 28 days from where the values continue to increase slowly, tending to a flexion strength steady state after 90 days. The flexion strength stress of the AM2A decreases continuously reaching its steady state after 28 days. The mechanical strength of the SM, AM1A, and AM2A mortars after 90 days of aging time is respectively 5.21, 3.84, and 1.42 MPa. Therefore, the alternative materials decrease the flexion strength stress of the mortars compared to the standard mortar (SM). Nevertheless, the alternative mortars present a flexion mechanical strength superior to 1 MPa value required upon completion of 90-day hydration period. Another important point to be observed is the behavior in mechanical strength of the alternative mortars aged with initial drying in furnace (AM1F and AM2F). The mechanical resistance after 7 and 14 days of these mortars is lower than that of the same mortars but aged without initial drying in furnace. Although these values are lower in the beginning, they increase and achieve the same values of the AM1A and AM2A mortars after 28 days of aging time.
X-ray diffraction and thermal analysis
X-ray diffraction analyses performed on the standard mortar (SM) allowed us to identify the presence of SiO 2 , essentially from the sand, Ca(OH) 2 (calcium hydroxide) and peaks corresponding to unreacted C 3 S (alite) and C 2 S (belite) phases. Many peaks of SiO 2 and of alite and belite overlapped ones of other phases making difficult the analysis, specially the identification of calcium silicate hydrate. Evidence from XRD, DTA and other techniques [6] have indicated that the hydration products of alite and belite are calcium hydroxide (CH) and a nearly amorphous calcium silicate hydrate having the properties of a rigid gel. The calcium silicate hydrate formed is a particular variety of C-S-H, which is a generic name for any amorphous or poorly crystalline calcium silicate hydrate. We know that C-S-H phases are barely distinguishable by XRD, but taking into account the amount of C-S-H likely to be present, this method suggests that these phases are poorly crystalline. According to Mehta [7] , a Portland cement paste contains 50-60% of calcium silicate hydrate (C-S-H phases) and 20-25% of calcium hydroxide (CH). Most of them, poorly crystalline and also known as C-S-H gel, cannot be properly characterized by XRD. C-S-H phases are not only the major products formed during the hydration process, but also those, amongst the hydration products, that present the highest mechanical strength [8] .
The hydration process of the alternative mortars was also studied by X-ray diffraction after 7, 14, and 28 days of curing time. This study revels the presence of alite, belite, Ca(OH) 2 , and SiO 2 on AM1A samples. Similar spectrum was found on the AM1F mortar where no significant difference on the hydration process was observed between 7 and 28 days of aging time compared to the AM1A mortar. However, an evolution in the peaks regarding the alite and belite compounds was observed on the XRD spectrum of these mortars. Analyzing the peaks intensity we realized that they decline with the age, showing the hydration of alite and belite. This phenomenon was already expected because completion of hydration occurs after about one year in moist conditions of at least 80% relative humidity. The hydration products formed on the AM2A and AM2F samples were the same as that found on the AM1 mortar. Nevertheless, on the X-ray diffraction pattern of the alternative mortars 2 we have a predominant peak of CaCO 3 . Analysis by XRD, DTA and TG carried out on the textile residue led us to the characterization of its main compounds. As received from the textile industry, the residue is basically composed of calcium the polypropylene fibers has a poor adherence with the cement paste, but its length is enough to assure an anchorage effect in the cement paste leading to fibers rupture in the fracture crosssection of the mortar.
The AM2 mortars stood out from the other mortars by presenting smaller amounts of ettringite and more porosity (Fig. 7) . The hydraulic binder of this mortar is supposed to be a mixture of cement carbonate, CaCO 3 (calcite) and CaCO 3 (vaterite), containing also calcium hydroxide, Ca(OH) 2 , in smaller amounts (Fig. 2) C all the calcium carbonate is transformed in calcium oxide, CaCO 3 = CaO + CO 2 . Therefore, It is more likely that the calcium carbonate detected by XRD on the AM2A and AM2F mortars is from the textile residue. The XRD spectrums of these two mortars were also similar.
DTA curves for pastes of the CPV ARI RS Portland cement at age up to 7 days have shown that the peak at 135-140 o C is due to ettringite, the peak at 115-125 o C is due to C-S-H, or cement gel, the peak at 185-200 o C is due to aluminate and ferrite hydrate phases, and that at 530-550 o C to CH. DTA studies for pastes of cement mixed with 30% of residue, carried out in the same conditions of the cement pastes, led fairly to a similar result. Apart from the phases above identified it was found a peak of CaCO 3 .
Microstructural observations
The samples were characterized on the fracture crosssection, where good adherence of the cement paste on the aggregate (sand) and a few porosity were observed (Fig. 3) . Fig. 4 illustrates the good nucleation and growth of ettringite crystals, revealing a normal hydration process during the 28-day aging period. The ettringite crystals are also known as anhydrite crystals and are formed by precipitation of aqueous ions of aluminum, sulfur, and calcium, known as C 6 AS 3 H 32 , hydrated calcium aluminum sulfate hydroxide.
The AM1 mortar displayed a similar microstructure of the cement paste compared to the SM mortar showing that these two mortars have a similar hydration. However, The AM1 mortar contains polystyrene and polypropylene fibers in its composition, as indicated in Figs. 5 and 6. Good adherence of the cement paste/polystyrene interface leads to polystyrene's bulk fracture rather then interface rupture when the AM1 material is subjected to mechanical forces. On the other hand, and textile residue. Actually, the residue compounds interfere in the hydration process by reacting with the cement compounds. The bubbling out phenomenon observed during the manufacture of the mortars when the cement and the residue were mixed with water backs up this statement. This phenomenon also might explain the excess of porosity formed in the alternative mortars 2. Similar comportment to the polystyrene in alternative mortar 1 (AM1) was also observed with the polyurethane in alternative mortar 2 (AM2).
Leaching and solubilization tests
Leaching and solubilization tests were carried out following the Brazilian NBR 10004 code. The chemical elements chosen for these tests are those that represent the highest risk to fauna and flora. They are used to evaluate the environment behavior of waste materials. According to these tests the waste materials can be classified as hazardous (class I), harmless but non-inert (class II), and harmless and inert (class III). The leaching and solubilization tests were performed on the cement, the textile residue, and the AM2 mortar, which contains textile residue, and compared to the SM mortar after 28-day aging period. Tables III and IV show the chemical analyses of the leached and solubilized materials, respectively. It was found that, in every leached sample, the chemical elements analyzed all displayed concentrations below the maximum limits established by the NBR 10004 code. On the other hand, the solubilization test indicates that all samples can be classified as non-inert class II materials considering that some chemical elements presented concentration over the maximum limits established by the NBR 10004 code. An analysis of the SM and AM2 mortars shows that only aluminum, cadmium and lead presented concentration beyond the maximum limits.
Amongst these chemical elements only the cadmium and lead are hazardous to fauna and flora. The aluminum is a chemical element strongly electronegative and it is unlikely that it can be found in ionic state, and therefore, it can be considered harmless to flora and fauna. Regarding the lead and the cadmium elements, further chemical analyses would be required to reach a more conclusive result. On one hand, lead concentration in mortars is very close to its maximum limit established, and on the other hand, lead and cadmium concentration in cement should be below the maximum limits established by the NBR 10004 code.
Wetting and drying cyclic test
The mechanical stability of the alternative mortars subjected to a hostile environment was evaluated by wetting and drying cyclic test. Fig. 8 shows the average flexion strength of the alternative mortars (AM1 and AM2) where no significant difference in strength values is observed after each cycle. The flexion strength tends to decrease slightly in the firsts cycles stabilizing at approximately 1.0 MPa after the fifth cycle for the AM2 mortar while for the AM1 mortar the flexion strength remains steady at approximately 3.5 MPa. A comparison analyses between the cyclic test and the mechanical test carried out on the samples aged in room in atmospheric environment revels a similar behavior in the flexion strength stress. Our conclusion regarding the cyclic test is that the wetting and drying alternated periods do not affect the mechanical stability.
DISCUSSION
The investigation reported on herein demonstrated that the mortars' properties depend on the hydration process, on the mixtures, and especially on the products formed by the hydraulic binder during the hydration. Hydration products of aluminate and ferrite phases were not identified by XRD on any material investigated in this work. Hydration of aluminate and ferrite phases yields the so-colled AFm (Al 2 O 3 -Fe 2 O 3 -mono) phases and AFt (Al 2 O 3 -Fe 2 O 3 -tri) phases [6] . AFm phases are formed under broadly similar conditions to AFt phases but they have different structures. Under favorable conditions, AFm phases form platey, hexagonal crystals with excellent cleavage (0001) [6] . Some of the AFm phase formed [6] . AFt phases form hexagonal prismatic or acicular crystals [6] . They have the general constitutional formula C 3 (A,F)3CX.yH 2 O (or C 6 (A,F)X 3 .yH 2 O), where X represents one formula unit of a doubly charged, or, with reservations, two formula units of a singly charged anion. The term 'tri' refers to the three units of CX. The most important AFt phase is ettringite. It forms on cement pastes in the early ages (after about 15 min) and can further be replaced by monossulphate depending on the amount of SO 4 2-ions in solution, though some ettringite can persist until the final period of hydration. Since the little amount of ettringite present in the mortars, we could not identify it by XRD but so by SEM. Taking into account that SM and AM1A mortars exhibited a normal hydration, Afm phase is also probably present in these mortars but in small concentration. DTA evidences from the cement pastes indicate that all the hydration products of a normal Portland cement are present in the mortars, viz CH, C-S-H, AFm and AFt phases.
The mechanical behavior observed on SM and AM1A mortars is also characteristic of a normal hydration. The mechanical strength increases faster in the early ages tending to a stationary strength after 90-day aging period. Although the mechanical strength evolution on AM1A mortar is similar to that of SM mortar, its average mechanical strength values are lower than those of SM mortar. This difference can be attributed to the polystyrene. According to the observations, the polystyrene has a very low mechanical strength, disrupting readily in mortar when the material is subjected to flexion forces. It means the polystyrene's mechanical strength is so poor that it behaves like a defect in mortar, similarly to a cavity. The polystyrene as well as the polypropylene fibers are chemically inert and do not interfere in the hydration process. Apart from lightweight, the polypropylene fibers provide slightly higher flexion strength in mortar compared to the same mortar without polypropylene fibers [5] .
The AM2A mortar stands out from those above mentioned by its great amount of CaCO 3 . As reported previously, the textile residue, formed essentially of CaCO 3 and Ca(OH) 2 , reacts chemically with the cement when both are mixed with water. As the CaCO 3 concentration is very high only one part of it can be dissolved and the other stay closed into the hydraulic binder (cement gel). The bubbling out phenomenon observed during the manufacture of the mortars occurs due to decarbonation according to the reactions:
The residue increases dramatically the amount of calcium in the paste influencing the composition of the hydration products. Greater amounts of CH as well as C-S-H high in calcium due to the increase of Ca/Si ratio are the major effects. AFm and AFt phases higher in calcium are also probably formed. Most noticeably, flexion strength decreases up to 28 days on AM2A mortars probably due to the nucleation and growth of CH and AFm phases, which have good cleavage. Summarizing, the residue promotes the nucleation and growth of hydration products richer in calcium as well as greater amounts of calcium hydroxide. The reduction in mechanical strength of AM2A mortar is, therefore, mainly due to the interference of the residue in the hydration products as well as due to the addition of polyurethane. The polyurethane, inert but fragile, disintegrates easily under mechanical forces carrying through to the same effect observed by the polystyrene in AM1 mortar. A contribution in mechanical strength decline can be also attributed to the porosity created by the chemical reaction between the cement and the residue during the mortars manufacture (equation C).
Regarding the AM1F and AM2F mortars, the initial drying in furnace provokes a delay in the hydration process due to water shortage. The necessary water to hydrate the cement is then captured from the environment, taking more time to reach the same hydration level of the AM1A and AM2A mortars. This delay in the hydration process is, therefore, reflected in the mechanical behavior of AM1F and AM2F mortars where their values are lower than those of AM1A and AM2A respectively, after 7 and 14 days of aging time.
CONCLUSIONS
The textile residue is basically composed of calcium carbonate and calcium hydroxide.
The textile residue reacts chemically with the cement when both are mixed with water promoting the nucleation and growth of cement compounds richer in calcium as well as greater amounts of calcium hydroxide.
The initial drying in furnace causes a delay in the hydration process. The AM1A mortar, aged without initial drying in furnace, presented a normal hydration compared to the standard mortar (SM). The hydration products more likely to be present are CH, C-S-H, AFm and AFt phases.
The mechanical strength of the polystyrene and of the polyurethane is so poor that they can be compared to cavities within the mortar, reducing the mechanical strength of the AM1 and AM2 mortars, respectively.
Apart from the polyurethane, the negative effect in mechanical strength of AM2 mortar is due to the influence of the residue in the hydration products, and also due to the porosity generated during the chemical reaction between the cement and the residue.
The residue promotes the nucleation and growth of hydration products (C-S-H, AFm and AFt phases) high in calcium as well as greater amounts of calcium hydroxide (CH). The pastes produced with residue contain also significant amounts of CaCO 3 .
The AM2 mortar presents mechanical strength slightly superior to 1 MPa, as required, in the late period of hydration.
The wetting and drying cyclic test do not interfere, at least significantly, in the mechanical stability of the alternative mortars (AM1A and AM2A).
Chemical analyses of the leached materials showed that the chemical elements analyzed presented concentrations below the maximum limits established by the Brazilian NBR 10004 code.
Lastly, to reach a more conclusive result in solubilization test, further analyses are required to eventually make some arrangements in cement and/or AM2 mortar compositions.
